In this paper, we analyze the gait changes by simulating left knee disorders in subjects. Our aim is a method that estimates the presence or the absence of leg disorders and the disordered parts from the image sequences of a subject's walking. However, gait can be changed not only by physical disorders but also such factors as neural disorders or aging.
INTRODUCTION
Gait changes can be caused by such factors as osteoarthritis of the knee or hip, Alzheimer's disease, and injuries to the inner ear, etc. Many researches have addressed the eects of such diseases on gait [1, 5, 4] .
In this paper, we focus on knee osteoarthritis and analyze the eects on gait caused by knee contractures (limitations of the jointfs range of motion), which are one major symptom of knee osteoarthritis. Some researchers have analyzed the gait changes of knee osteoarthritis and the eects of knee contractures on their gait [3, 2] . In their previous work that analyzed the eects on gait by knee contractures, they simulated knee contractures using a knee brace, which was worn by healthy participants, and analyzed the gaits with and without it. In this paper, we also simulated the knee contracture using a knee brace and analyzed the gait changes due to knee contracture. Unlike the previous work [3, 2] , which focused only on the lower limb motions, we measured and analyzed the whole-body motion of the participants and investigated whether the gait changes that are caused by the simulated knee disorders are common to all the subjects.
EXPERIMENT 2.1 Walking Data Capturing
First, we describe how we captured the walking data. We conducted walking-data-capture with 13 males First, they walked three laps without a knee brace, and these walking data are called normal walking. Next, the participants wore a knee brace and walked more than ten minutes. Here, our preliminary experiment showed that the gait is changed gradually after wearing the knee brace and it takes about ve minutes to stabilize the changes. Thus, disordered walking is the walking data captured after the participants wore the knee brace for ten minutes . In the walking-data-capture, the participants followed a mobility scooter ( Fig. 1, left) , which ran at a constant speed, to remove the eects of walking speed changes. 
Preprocess of Walking Data
Before analyzing the walking data, we performed the following preprocessing. In the analysis, we focused on the fact that walking is a periodic motion. Walking data during one walking cycle (two steps) include all the walking motions.
Thus, we segmented the walking data into one bit of walking cycle data and analyzed every cycle of data. We dened the periods from the moment the left leg contacts the ground to the moment just before the next left leg contacts as the walking cycles.
A walking cycle is divided into four phases by each leg phase (stance/swing): double support 1, single support (left), double support 2, and single support (right) ( Table 1) .
Here, since the durations of the walking cycle and each nor- Instead, we performed phase registration between the normal walking and distortion walking data using Dynamic Programming (DP). After the registration, we compared both bits of data. To perform the phase registration, we converted the 3D positions of all the points to a relative coordinate system whose origin is the average of the waists (lwt and rwt).
Phase Length Analysis
We rst analyzed the changes of each phase length.
From the DP-based phase registration results, we calculated each phase length in the normalized walking cycles. Fig. 4 shows the changes of the phase length.
Wearing knee braces prolong the duration of the single support (right) and shortens the durations of both double supports. On the other hand, we found no big changes in the duration of the single support (left).
Pose Analysis
Next, we show the pose analysis results in the comparison of the normal and disordered walking. Between normal and disordered walking, the comparison results show various dierences, which can be divided into three as follows. 
Differences in center parts

Differences in upper limbs
From Figs. 9-10, the right arm tends to lean to the right and left arm tends to lean to the left. In the y and z axes, there were no big dierences between the normal and disordered walking.
Differences in lower limbs
From Figs. 11-13, the right knee and ankle tend to move to the right and the left knee and ankle tend to move to the left.
Further, the left knee and ankle tend to move backward. In addition, the vertical motions of both waists decreased in the disordered walking. The right waist tends to move forward, and the left waist tends to move backward.
CONCLUSION
In this paper, we analyzed gait changes by simulating left knee disorders in subjects. Healthy subjects wore a knee brace, and we compared their normal and simulated disordered walking. Our analysis results showed that the changes shared by all subjects are caused by the simulated left knee disorders. Future works will analyze the eect of braces on gait and develop an estimation method of leg disorders from subject gaits.
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